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[57] ABSTRACT

A workpiece lift including a pivotable boom with a
pivot end that moves horizontally as the load end of the
boom is raised and lowered, allowing the load end to
move along a substantially vertical line. In a preferred
embodiment the load end of the boom terminates in a
workpiece arm which supports a workpiece and which
extends downwardly from the load end of the boom so
that the workpiece may be lifted upwardly and out-
wardly in an arc.

16 Claims, 8 Drawing Figures
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1
EXTENSIBLE BOOM LIFT

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation-in-part of my co-
pending application Ser. No. 758,810, ﬁled Jan. 12,
1977, now U.S. Pat. No. 4,070,807.

BACKGROUND OF THE INVENTION

This invention relates generally to lifts for elevating
various types of workpieces and more particularly to a
lift which has a horizontally movable pivot point.

In building construction and maintenance, mining,

storage/retrieval operations and many other fields, it 1s
often necessary to provide aerial lifts for moving equip- .

ment and/or personnel. These lifts have generally been
of two types; i.e., cranes and adjustable scaffolds. Con-
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enough to dump the earth into the middle of a truck.
Rather, the load end typically rises in an arc toward the
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15

ventional cranes are capable of lifting very large loads

to relatively great heights. These cranes are usually
vehicular to facilitate movement to the job site. When
actual lifting is performed, however, the base of the

20

crane, or the vehicle on which it is mounted, is ordinar-

ily fixed in position by stabilizing pads. Since most
cranes consist essentially of pivotable booms, this re-
sults in the pivot point being fixed. Thus, unless the
boom is extensible, as the position of the boom 1s varied,
the load end of the boom moves in an arc toward the
boom pivot end. If a load is suspended from the boom,
this action will cause the load to swing toward the
boom pivot end and, more importantly, toward the
boom operator, thus increasing the safety hazards inher-
ent in such operations. If the crane is being utilized to
elevate workmen and/or equipment along a vertical
plane, the load end necessarily moves increasingly fur-
ther from said plane as the boom angle increases.
These disadvantages are often overcome by prowd-
ing extensible, ordinarily telescoping, boom sections.
These boom sections are ordinarily extended by power
cylinders which extend to force the telescoping boom
section outward. Thus, as the boom angle 1s increased,
the power cylinder is extended by the operator thus
increasing the length of the boom. This insures that the
boom load end moves in a substantially vertical line.
Increasing the extension of the power cylinder can

25

30

35

45

extend the load end of the boom outwardly from the lift

so that the load may, in the case of a skilled operator, be
lifted upwardly and outwardly in an arc. However, this
extensible power cylinder dramatically increases the
cost of such units. Also, to insure proper, safe opera-

tions, a highly skilled operator is required and close

attention is required to move the load accurately. Even
with a highly skilled, attentive operator this is often a

very difficult procedure since the operator’s line of

sight is often inadequate to provide accurate adjust-
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hift so that the earth must be dumped near the rear or

side of the truck.

Adjustable scaffolds are often utilized to move loads
along a vertical plane. Scissors-type scaffolds, such as
that described in my co-pending application, Ser. No.
738,599 filed Nov. 3, 1976, have been found to be ad-
vantageous. However, since such apparatuses do not
provide a capability of lateral movement, they are lim-

‘ited in their scope of operation. If a simple, nonextensi-

ble crane were mounted on an adjustable scaffold, the

- reaching coverage of the apparatus is still limited, as

discussed further hereinbelow and illustrated in the
drawings.

Accordingly, one object of the present invention is
the provision of a crane which need not have an extensi-
ble power cylinder for lengthening the boom during the
hftmg operation.

It is another object of the invention to provide a lift
which automatically extends the boom outwardly by a
known amount during the lifting operation. A further
object is to provide such a lift for extending the load
farther from the lift when the load is elevated than
when the load is not elevated. Another object is provi-
sion of a crane which can be easily automated. Yet
another object is provision of a lift which is simpler than
present lifts but which has greater versatility and lifting
range. It is another object of the invention to provide a
lift capable of automatically lifting earth upwardly and
away from the lift in an arc so that the earth may be
dumped farther away from the lift than prior earth

‘lifters are capable of. These and other objects, features,

and advantages of the present invention will be appar-
ent from the following description, appended claims,
and annexed drawings.

SUMMARY OF THE INVENTION

According to this invention, a lift is provided having
a boom whose pivot end moves horizontally toward a

load end of the boom as the boom 1s elevated to keep the

load end from swinging toward the lift. A support arm
has one end mounted for rotation about a horizontal axis
and another end pivotally mounted to the boom. Means
are included for raising the support arm so that the
boom pivot end moves toward the support arm during
the lifting operation. The boom also includes an extensi-
ble load end which is automatically extended as the
boom is raised. A workpiece arm extends downwardly

- from the load end of the boom for supporting a work-

piece and swinging the latter upwardly and outwardly
from the lift, whereby the workpiece is extended farther

- horizontally from the lift when in its elevated position
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ments. Due to the line-of-sight problem a second opera-

tor is often placed in closer proximity to the load end.
This not only increases the cost of operating the crane,
but also increases safety hazards since the possibility of

misunderstanding between operators is ever present. 60

While boom mechanism may be automated to retain the
load in the same vertical plane, or to move it upwardly
and outwardly from the crane to a desired extent, such
automation systems are quite expensive.

In lifts particularly designed to lift earth and to dump
the earth into a truck, those lifts, commonly referred to
as “front end loaders”, are typically not capable .of
automatically extending their load ends horizontally far

than in its unelevated position.
The novel features which are believed to be charac-
teristic of the invention are set forth in the appended

~ claims. It is believed the invention will be best under-
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stood by reference to the following description taken in
connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an elevation v1ew of the 1nvent10n in an
intermediate position;

FIG. 2 is a sectional view taken aldng line 2—2 of
FIG. 1;

FIG. 3 i is.a sectlonal view taken along line 3—3 of

' FIG. 2.



3

FIG. 4 1s an elevation view of the invention in the
fully elevated position; -. -

FIG. 5 is an elevation view. of the 1nvent10n in the
fully lowered position;

FIG. 6 is an elevation view of a lift similar to that of
- FIG. 1 but modified to swing a load upwardly and

outwardly of the lift;
FIG. 7 1s an elevatlon view of a lift shown particu-
larly as an earth mover, the lift shown in an unelevated
condition; and
FIG. 8 is an elevation view showing the llft of FIG.
7 in an elevated condition.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In that form of the invention depicted in the draw-
ings, the aerial lift is indicated generally at 10. A pivot-
able boom 12 is shown to support a basket 14 which
may be desired to carry a load. This load may include
workmen but may alternatively or additionally include
machinery of any conceivable type. In the depicted
embodiment the basket 14 is allowed to rotate on pins 16
to maintain its upright position. The load end of the
boom may include conventional lifting forks and auto-
mated or manual leveling mechanisms of conventional
design to maintain the forks parallel to the ground. If
the load is designed to be suspended from the boom, of
course, no such leveling mechanism is required.

The pivot end of the boom 12 is pivotally mounted at
joint 18 to a sliding beam 20 which is slidably mounted
in a channel which may alternatively be described ei-
ther as being mounted to a mounting table 24, or as
being a part of said mounting table. The channel 22 is
rotatably mounted to the mounting table, or the remain-
der of the table, on a substantially vertical cylinder 26,
to be described in more detail hereinbelow. The func-
tion of the channel 22 is to prevent axial displacement of
the beam 20 with respect to the mounting table 24.
Ordinarily both the beam 20 and the table 24 will be
substantially horizontal as depicted, but this is not nec-
essary for the proper operation of the apparatus. Rollers
28 a and b, 30 a and b, and 32 g and b are provided as
depicted in FIG. 3 to insure that the beam 20 is slidable
within the channel 22. Since a downward loading of the
boom load end will tend to force clockwise axial dis-
placement of the beam 20 with respect to cylinder 26,
rollers 28 g and b, and 32 @ and b will ordinarily carry
most of the load.

The boom 12 is also pivotably mounted to support
arms 24 a and b at joint 36. These support arms 24 g and
b in turn are pivotally mounted to the channel 22 at joint
38. Thus, as the boom 12 is raised and lowered, the
boom, beam, and support arm structure will pivot on
joints 18, 36, and 38 to cause the beam to reciprocate
with respect to the channel 22 and the mounting table
24.

Drive means for raising and lowering the boom 12
ordinarily comprises a hydraulic pivot cylinder 40 hav-
ing one end pivotally mounted to the channel at a point
no closer to the boom pivot end than the support arm
joint 38, and the other end pivotally mounted to the
boom 12 at a point remote from the support arm boom
joint 36. The term “remote from” means only that the
joints may not be coaxial. As depicted in the Figures,
this pivot cylinder joint 42 is mounted to the boom 12
via plate 44 which i1s rigidly secured to the boom and
which lies closer to the boom load end than does sup-
port arm joint 36. Also as depicted in the Figures, the
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other end of the pivot cylinder 40 is pivotally connected
to the channel 22 at joint 38, coaxial with the point at
which the support arm is mounted to the channel. This
joint 38 will be further described hereinbelow.

While the above-described means of driving the lift is
the prefered design, other means (not depicted) may

alternately be utilized. For example, sliding beam 20
and rollers 18z and b, 30z and b, and 324 and 6 may act
as a rack and pinion so that rotation of the rollers in
either direction will change the lateral position of the
beam 20, thus causing a change in the vertical position
of the beam load end. |

As stated hereinabove, the channel 22 is rotatable
with respect to the mounting table 24. This feature
obviously increases the versatility of the lift to a sub-

- stantial degree. The channel is rotatable on the vertical
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cylinder 26 which, as depicted in FIG. 2, is offset from
the channel 22 and the remainder of the boom appara-
tus. The channel 22 is mounted on the vertical cylinder
26 by the member 44 which extends from the channel 22
and surrounds the vertical cylinder 26. Extending from
member 44 1s a leg 46 to which is pivotally mounted the
rotational drive means, here a conventional hydraulic
cylinder 48. The opposite end of this cylinder 48 is
pivotally mounted to the mounting table 24.

One of the advantages of the present invention is that
it allows a load to be elevated along a path which is
much closer to a vertical line than do conventional
booms which, when inextensible, swing the load in an
arc. To provide a crane which can elevate a load along
a line which is even closer to vertical, a telescoping
section 50 can be added to the apparatus along with a
telescoping cylinder 52. As shown one end of the tele-
scoping cylinder 52 is pivotally attached to the telescop-
ing section S0 at joint 54 while the other end is pivotally
connected to a support arm extension 56 at joint 58. the
telescoping cylinder itself need not be extensible, i.e., it
may be rigid. As the boom is adjusted to various levels
of inclination, the movement of the support arm exten-
sion causes the telescoping cylinder to automatically
extend and retract the telescoping section of the boom.
As shown in the Figures, however, the telescoping
cylinder 52 ordinarily is a conventional extensible hy-
draulic cylinder. This provides a crane with even
greater versatility.

As indicated in the Figures, the slidable beam 20 is
ordinarily of rectangular configuration. The pivotable
boom 12 and its telescoping section 50 are preferably
also rectangular in cross section. Thus, the rollers 28a
and b, 30a and b, and 32a and b are mounted on opposite
sides of the slidable beam 20. Similarly, joints 18 and 36
extend across the entire cross section of the boom.
Beam legs 60a and 60) extend from each side of the end
portion of the beam to meet legs 622 and 625 (not visi-
ble) at pivot joint 18. A suitable bearing 64 is provided.

As shown in FIG. 2 the support arms 34aq and b ex-
tend between joints 36 and 38, one on each side of the
boom 12. The support arm extension 56 is ordinarily an
extenston of one of these arms since the telescoping
cylinder 52 extends from joint 58 to only one side of the
telescoping section 50 at joint 58.

As mentioned hereinabove and shown in FIG. 2, the
points at which the support arms 34 and the pivot cylin-
der 40 are mounted to the channel 22 are preferably
coaxial at joint 38. A joint plate 66 is fixed to the top of
the channel and extends across the entire cross section
of the slidable beam 20. This joint 38 is actually com-
prised of three separate joints, with the support arms
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34a and b pivotable on pms 68a and b, respectwely The
pivot cylinder pivots on pin 70.

The mountlng table 24 to which the above—descnbed
apparatus is mounted is preferably vertically adjustable
above a base 72. The means for raising and lowering the
table 24 ordinarily is of scissors design, such as that
described in my copending application - Ser. No.
738,599, filed Nov. 3, 1976, now U.S. Pat. No.
4,088,283. This scissors mechanism shown generally at
74 includes scissors arms 76 and power cylinders 78.
The base 72 is preferably provided with wheels 80 to
insure mobility. Brakes (not shown) would also be desir-

able.

As discussed above, the boom 12 is rotatable about a
vertical axis by virtue of the channel 22 being rotated by
the piston 48. However, the boom 12 may also be ro-
tated by including rotating means as described above or
conventional rotating means on the base 72, and elimi-
nating the rotating means supported by the table 24. By
placing the rotating means on the base 72, the scissors
mechanism 74 will be rotated along with the boom 12
and some stress to the scissors mechanism 74 may be
elimianted. o

In operation the above-described scissors mechanism
cooperates with the pivotable boom apparatus to pro-
vide an aerial lift with greater reaching range. F1GS. 4
and 5 show the boom in lowered and raised positions,

respectively, and FIG. 1 shows it in an intermediate

position. A box 82 is included in these Figures to show
that the aerial lift provides a reaching capability to all

portions of the wall 84 with which the box 82 abuts. If

the boom apparatus alone was mounted adjacent the
wheels 80, the area indicated generally at X would be
unreachable. Assuming the box 82 was substantially
lower and the scissors mechanism 74 was fully col-
lapsed, a conventional non-extensible boom would be
unable to reach both area X and the area indicated at Y
since the boom load end would necessarily move in an
arc.
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With the boom in the fully lowered p051t10n of FIG. 40

5 the pivot cylinder 40 is fully retracted and the slidable
beam 20 is fully extended from the channel 22. The
basket 14 is in its lowest position, nearly abutting the
wall 84. To elevate the boom 12 the operator starts to
extend the pivot cylinder 40, resulting in a rotational
movement between joints 42 and 36. This causes joint
36 to swing upward and to the left, and the beam 20 to
retract into the channel 22. The movement of the sup-
port arm extension 56 toward the boom load end causes
the telescoping cylinder 32 to extend the telescoping
section 50 of the boom 12, thus causing the basket 14 to
elevate and remain in close proximity to the wall 84. To
reach the position shown in FIG. 4, the pivot cylinder 1s
fully extended, causing the beam 20 to fully retract
through the channel 22, and causing joint 36 to swing to
its uppermost position. At the same time, telescoping
section 50 has become fully fixed extended. To lower
the apparatus, the pivot cylinder 40 is retracted and the
process is repeated. If lateral movement of the basket is
desired, the boom telescoping section 50 can be further
extended or retracted by activating the telescoping
cylinder 52. For axial translation the rotation drive
cylinder 48 is utilized. To rotate the boom apparatus in
a clockwise direction with reference to FIG. 3, the
rotation drive cylinder 48 is retracted and for counter-
clockwise rotation the cylinder is extended.

Referring now to FIG. 6, there is shown a hft 100
which incorporates many of the features of the above-
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described lift 10 but which is capable of lifting a work-
piece such as basket 14 beyond the vertical edge of the
wall 84. In this embodiment, structural elements similar
to those of the lift 10 have the same reference numerals.

Specifically, the lift 100 includes a boom 12 which has
a pivot end pivotally coupled to a roller 102. When the
telescoping cylinder 40 is extended as shown, the pivot
end of the boom 12 moves to the left in the Figure, the
roller 102 being constrained to move in a groove 104
defined by a pair of tracks 106.

The elevation and telescoping of the boom 12 is as
described hereinbefore with reference to the lift 10.
However, the lift 100 includes an elongated rigid link
108 coupling the support arm extension 56 to the exten-
sible or telescoping end 50 of the boom 12. The link 108
is pivotally connected at 54 and 58.

In order to cause the basket 14 to swing upwardly in
an arc to the position shown in FIG. 6, a workpiece arm
110 is connected to the upper reach 112 of the extensible
boom end 50 and extends downwardly therefrom as
shown. Herein, the term “upper reach” is intended to
define the uppermost end of the extensible boom end 50.

Near the lowermost portion of the workpiece arm
110, a pivot joint 114 connects ‘the basket 14 to the
workpiece arm 110. This preferred arrangement results
in the basket 14 being supported at a location below the
upper reach 112 of the extensible load end 50 of the
boom 12, whereby the basket 14 is elevated in an arc
such that, in its elevated position, the basket 14 is ex-
tended farther horizontally from the lift 100 than it 1s in
its unelevated position.

- As shown in FIG. 6, the workpiece arm 110 is formed
integrally with the extensible load end 50 of the boom.
However, they may be separate parts joined together.

In this embodiment, the extensible boom end 50 is
extended by a rigid link 108. However, a telescoping
cylinder may be used if further extension is desired. In
addition, the embodiment of FIG. 1 may include a rigid
link such as link 108 in place of the cylinder 52.

Further, the roller 102 and tracks 106 of the FIG. 6
embodiment may be replaced by the sliding channel
structure of FIGS. 1 and 2, although the roller and track
construction is preferred.

The lift 100 may also be supported by a scissors mech-
anism as shown in FIG. 1.

An advantage of having the basket 14 displaced far-
ther horizontally from the lift 100 in its elevated posi-
tion is that the basket 14 may contain material, such as
earth, for example, which may be dumped farther away
from the lift 100 than in the previously described em-
bodiment. Of course, the basket 14 is but one example of
a workpiece which may be suspended from the work-
piece arm 110. Other types of workpieces may include
conventional fork lifts, platforms, scoops, etc. Accord-
ingly, the term “workpiece” 1s used herein in its broad-
est sense.

Referring now to FIG. 7, there is shown an embodi-
ment of a lift 116 particularly constructed as a so-called

front end loader for moving earth or other material. As

shown, the lift 116 may include a housing 118 (shown in
phantom to more clearly show the functional structure
of the lift), a canopy 120 (also shown in phantom), and
wheels 122. At the front end of the lift 116, a scoop 124
is mounted on a workpiece arm 126 for carrying earth
or other material.

The remaining structure of the lift 116 is more clearly
visible in FIG. 8, to which reference is now made.
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The support for the lift 116 may take the form of a

base 128, as shown schematically. The base 28 may be
supported within the housing 118 in any suitable man-
ner. _

Near the right end of the base 128, a boom 130 has a
pivoted end 132 coupled to a roller 134, the latter of
which rolls in a groove 136. The groove 136 extends
horizontally between a pair of tracks 138. As the boom
moves to the illustrated elevated position, the roller 134
carries the pivoted end 132 of the boom to the left in-the
Figure for extending the boom to the left automatically.

The boom 130 also includes an extensible load end
140 which is received into the pivot end 132 as shown.
Rollers 142 and 144 assist the extensible end 140 in
easilly extending and retracting in the boom.

Located near the left end of the base 128 is a support
arm 146 which is pivotally mounted at 148 for rotation
about a substantially horizontal axis extending perpen-
dicularly to the plane of the Figure. The support arm
146 1s pivotally coupled to the pivot end 132 of the
boom by a pivotal connection 150. The connection 150
is coupled to the boom pivot end 132 by a plate 152.
Plate 152 may be welded or otherwise firmly connected
to the boom pivot end 132.

A support arm extension 154 extends from the sup-
port arm 146 as shown beyond the boom 130. The upper
end of the support arm extension 154 is pivotally con-
nected at 156 to an elongated rigid link 160. The other
end of the link 160 is pivotally connected at 162 to a bat
164. The upper end of the bar 164 is fixed to the boom
load end 140 at 166. - | | -

The upper end or upper reach 168 of the boom load
end 140 is coupled to a workpiece arm 126 which ex-
tends downwardly as shown from the upper reach 168.
The workpiece arm 126 is shown as formed integrally
with the boom load end 140 but it may also be a separate
part which is fixed to the boom load end 140 in a con
ventional manner. - |

Near the lowermost end of the workpiece arm 126,
the scoop 124 is attached to a pivotal connection 172 to
permit the scoop 124 to be tilted about a horizontal axis
through the pivotal connection 172. As shown, the
pivotal connection 172 is lower than the upper reach
168 of the boom load end 140. This arrangement causes
the workpiece arm 126 to raise the scoop 124 in an arc
away from the lift. Thus, as shown by the various posi-
tions of the scoop 124 indicated in dashed lines, the
scoop 124 1s extended farther from the lift when the
scoop 1s elevated than when it is unelevated.

In order to tilt the scoop about the axis of the pivotal
connection 172, a telescoping cylinder 174 is pivotally
coupled as shown to the scoop 124 at 176 and to the
boom load end 140 at 178.

In order to raise the boom 130, a telescoping cylinder
180 1s provided. One end of the cylinder 180 is coupled
at 182 to a lower end of the support arm 146 such that
the cylinder 180 is rotatable about a substantially hori-
zontal axis substantially parallel to the axis of rotation of
the support arm 146. The opposed end of the cylinder
186 1s pivotally coupled to a rotatable, double-ended
coupling 184, generally called a clevis. The connection
between the cylinder 180 and the coupling 184 is at
pivotal connection 186. | B

The opposed end of the coupling 184 is connected to
the boom pivot end 132 at pivotal connection 188 so
that the coupling 84 rotates about the pivotal connec-
tion 188 as the cylinder 180 extends. | '

3

10

15

20

25

30

35

45

>0

35

60

65

8
- When the cylinder 180 is retracted, the lift folds as
shown in FIG. 7 and the coupling 184 comes to rest
against a stop 190 protruding from the boom 130. The
stop 190 is positioned on the boom as shown such that
the stopping position of the coupling 184 (FIG. 7) ena-
bles the cylinder 180 to initially lift the boom with opti-
mum torque. | -

As the cylinder 180 extends its rod 181 farther, the
pivotal connection 186 swings upwardly about the
pivot 188 to maintain the lifting torque. Eventually, the
coupling 184 will swing upwardly to a position at which
the centerline of the cylinder rod 181 is aligned with the
centerline of coupling 184, whereupon the end of the
coupling 184 which is connected at 188 will control the
position of the pivotal connection 150.

As the cylinder 180 is extending its rod 181, the lifting

force applied to the boom 130 causes its pivot end 132 to
move to the left. In addition, the support arm 146 and its
extension 154 swing upwardly and to the left, thereby
urging the link 160 and the bar 164 to extend the boom
load end 140. Simultaneously, the workpiece arm 126
swings the scoop 124 upwardly and outwardly of the
lift 116 as shown in FIG. 8.
- The horizontal extension of the scoop 124 in a direc-
tion away from the lift is also enhanced by locating the
pivotal connection 156 sufficiently beyond the boom
130. In the embodiment shown in FIG. 8, the distance
between the boom 130 and the pivotal connection 156 is
selected to assist in the outward movement of the SCOO0P.
Further extension beyond the boom of the support arm
extension 154 and pivot point 156, including a corre-
sponding increase in the length of the link 160 to make
connection to the pivot 156, further assists in extending
the scoop away from the lift. Moreover, the horizontal
extension of the scoop 124 away from the lift can be
effected solely by increasing the length of the link 160
and the distance by which the pivotal connection ex-
tends beyond the boom. However, it is preferred to
include the downwardly extending workpiece arm 126
to avoid substantially lengthening the support arm ex-
tension 154.

The lift of FIG. 8 may be modified by replacing the
link 160 with a telescoping cylinder as in FIG. 1. In
addition, the roller 134 and tracks 136 may be replaced
by the sliding beam structure shown in FIGS. 1 and 2.

By virtue of the lift 116 automatically effecting in-
creased horizontal extension of its scoop, its versatility
is enhanced. It is particularly well suited as a so-called
front end loader for lifting earth or other material and
for dumping the earth into a receptacle. Such a loader
can be positioned closely adjacent to a dump truck and
its horizontally extended scoop can easily reach into the
center of the receptacle carried by the truck.

Although the invention has been described in terms
of specific exemplary structure, it will be obvious to one
skilled in the art that many modifications and alterations
can be made to that structure without departing from
the invention. Accordingly, it is intended that all such
modifications and alterations be included within the
scope of the invention as defined by the appended
claims.

- What is claimed is:
1. A Iift for raising a workpiece, comprising;
a pivotal boom having an extensible load end termi-
‘nating in an upper reach and a pivot end:

means for supporting said boom so that said boom

- pivot end is horizontally movable but substantially

vertically fixed; -
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a support arm having one end held from substantial
horizontal motion and pivotally mounted for rota-
tion about a substantially horizontal axis and a
second end pivotally mounted to said boom;

means for raising and lowering said boom so that as
said boom load end is elevated, its boom pivot end
responds by moving substantially honzontally
toward said support arm;
a workpiece arm extendmg from the load end of said
- boom; -

means for supporting the workpiece on said work-
piece arm at a location below the upper reach of
the load end of said boom; and

means for continuously extendmg said extensible load

end as said load end is elevated, whereby said
workplece arm is elevated and lifts the workpiece
in an arc such that the workpiece is extended far-
ther horizontally from the lift when in its elevated
position than when in its unelevated position.

2. A lift as set forth in claim 1 wherein said workpiece
arm is attached to the upper reach of the load end of
said boom and extends downwardly therefrom, and said
means for supporting the workpiece is coupled to said
workpiece arm near the lowermost portlon of said
workpiece arm. -

3. A lift as set forth in claim 2 wherein said means for
supporting the workpiece includes a pivotal coupling
on said workpiece arm, and further including means for
tilting the workpiece about the pivotal coupling.

4. A lift as set forth in claim 3 wherein said means for
tilting the workpiece includes a telescoping cylinder
coupled between the workpiece and the extensible load

end of said boom.

5. A lift as set forth in claim 1 wherein satd means for
raising and lowering said boom includes a telescoping
cylinder having one end pivotally mounted for rotation
about a substantlally horizontal axis substantially paral-
lel to the axis of rotation of said support arm, and an
opposed end coupled to the pivot end of saild boom.

6. A lift as set forth in claim 1 wherein said support
arm includes an extension which extends beyond said
boom, and wherein said means for extending the load
end of said boom includes an elongated, rigid link pivot-
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ally coupled at one end to said support arm extension 45

and coupled at its other end to the extensible load end of
said boom, whereby as said boom is elevated, said sup-
port arm extension pivots to urge said link to extend the
extensible load end of said boom.

7. A lift for raising a workpiece, comprising:

a pivotable boom having an extensible load end termi-
nating in an upper reach and a pivot end;

means for supporting said boom so that said boom
pivot end is horizontally movable but substantially
vertically fixed;

a support arm havmg one end pivotally mounted for
rotation about a substantially horizontal axis and a
second end pwotally mounted to said boom;

means for raising and lowenng said boom so that as
said boom load end is elevated, its boom pivot end
moves substantially horizontally toward said sup-
port arm, said raising and lowering means includ-
ing a telescoping cylinder having one end pivotally
mounted for rotation about a substantially horizon-
tal axis substantially parallel to the axis of rotation
of said support arm, and having an opposed end;

an elongated, double-ended coupling pivotally con-
nected at its first end to the pivot end of said boom
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- and pivotally connected at its second end to said
opposed end of said telescoping cylinder;
" a workpiece arm extending from the load end of said
- boom;
- means for supporting the workpiece on said work-
piece arm at a location below the upper reach of

‘the load end of said boom; and
means for extending said extensible load end as said
load end is elevated, whereby when said telescop-
ing cylinder is actuated to telescope, said coupling
rotates about its pivoted connection to the pivot
end of said boom so as to optimize the lifting torque
applied to said boom by said telescoping cylinder,
and
said workpiece arm is elevated and lifts the work-
piece in an arc such that the workpiece is extended
farther horizontally from the lift when in its ele-
vated position than when in its unelevated position.
8. A lift as set forth in claim 6 further including means
for stopping the rotation of said elongated coupling
when said telescoping cylinder retracts to lower said
boom such that said elongated coupling is stopped with
respect to said telescoping cylinder so that subsequent
actuation of said telescoping cylinder imparts a high
level of lifting torque to said boom via said elongated
coupling. o
9. A lift for raising a workpiece, comprising;:
a pivotable boom having an extensible load end and a
pivot end;
means for supporting said boom so that said boom
pivot end is horizontally movable but substantlally
vertically fixed;
a support arm having one end held from substantial
~ horizontal motion and pivotally mounted for rota-
tion about a substantially horizontal axis and a
second end pivotally mounted to said boom;
an extension of said support arm which extends from
the second end of said support arm to beyond said
- boom;
means for raising and lowering said boom so that as
said boom load end is elevated, its boom pivot end
responds by moving substantially horizontally
toward said support arm;
a workpiece arm extending from the load end of said
boom for supporting the workpiece; and
elongated boom extending means coupled at one end
to the extensible load end of said boom and pivot-
ally connected at its other end to said support arm
extension, the pivotal connection between said
boom extending means and said support arm exten-
sion being located beyond said boom by a distance
such that pivoting of said support arm and its ex-
tension causes said boom extending means to con-
tinuously extend the extensible load end of the
boom and the workpiece arm such that the work-
piece is lifted in an arc which places the workpiece
farther horizontally from the lift when in its ele-
vated position than when in its unelevated position.
10. A lift as set forth in claim 9 wherein said means for
raising and lowering said boom includes a telescoping
cylinder having one end pivotally mounted for rotation
about a substantially horizotal axis substantially parallel
to the axis of rotation of said support arm, and an op-
posed end coupled to the pivot end of said boom.
11. A lift as set forth in claim 9 wherein said boom
extending means includes an elongated rigid link pivot-
ally coupled at one end to said support arm extension
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and coupled at its other end to the extensible load end of
said boom. |

12. A lift as set forth in claim 9 wherein the load end
of said boom has an upper reach, wherein said work-
piece arm is attached to the upper reach of the boom
load end and extends downwardly therefrom, and in-
cluding means for supporting the workpiece near the
lowermost portion of said workpiece arm.

13. A lift as set forth in claim 12 wherein said means
for supporting the workpiece includes a pivotal cou-
pling on said workpiece arm, and further including
means for tilting the workpiece about the pivotal cou-
pling.

14. A lift for raising a workpiece, comprising:

a pivotable boom having an extensible load end and a

pivot end;

means for supporting said boom so that said boom
pivot end is horizontally movable but substantially
vertically fixed;

a support arm having one end pivotally mounted for
rotation about a substantially horizontal axis and a
second end pivotally mounted to said boom;

an extension of said support arm which extends from
the second end of said support arm to beyond said
boom;

means for raising and lowering said boom so that as
satd boom load end is elevated, its boom pivot end
moves substantially horizontally toward said sup-
port arm, said means for raising and lowering said
boom including a telescoping cylinder having one
end pivotally mounted for rotation about a substan-
tially horizontal axis substantially parallel to the
axis of rotation of said support arm, and having an
opposed end;

an elongated, double-ended coupling pivotally con-
nected at 1ts first end to the pivot end of said boom
and pivotally connected at its second end to said
opposed end of said telescoping cylinder such that
when said telescoping cylinder is actuated to tele-
scope, said coupling rotates about its pivotal con-
nection to the pivot end of said boom so as to opti-
mize the lifting torque applied to said boom by said
telescoping cylinder;

a workpiece arm extending from the load end of said
boom for supporting the workpiece; and

elongated boom extending means coupled at one end
to the extensible load end of said boom and pivot-
ally connected at its other end to said support arm
extension, the pivotal connection between said
boom extending means and said support arm exten-
sion being located beyond said boom by a distance
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such that pivoting of said support arm and its ex-
tension causes said boom extending means to ex-
tend the extensible load end of the boom and the
workpiece arm such that the workpiece is lifted in
an arc which places the workpiece farther horizon-
tally from the lift when in its elevated position than
when in its unelevated position.

15. A lift as set forth in claim 14 further including
means for stopping the rotation of said elongated cou-
pling when said telescoping cylinder retracts to lower
said boom such that said elongated coupling is stopped
with respect to said telescoping cylinder so that subse-
quent actuation of said telescoping cylinder imparts a
high level of lifting torque to said boom via said elon-
gated coupling.
~ 16. A hft for raising a workpiece, comprising:

a pivotal boom having an extensible load end and a

pivot end; |

means for supporting said boom so that said boom
pivot end is horizontally movable but substantially
vertically fixed;

a support arm having one end pivotally mounted for
rotation about a substantially horizontal axis and a
second end pivotally mounted to said boom;

~ a support arm extension which extends from the sec-
- ond end of said support arm to a position beyond
- said boom;
“a link coupling said support arm extension to the
extensible load end of said boom;

a workpiece arm coupled to the load end of said
boom and extending downwardly and outwardly
therefrom; |

means for coupling said workpiece arm to the work-
piece;

a telescoping cylinder having one end pivotally
mounted adjacent said one end of said support arm
for pivotal rotation about a horizontal axis, and
having a second end;

an elongated, double-ended clevis coupling pivotally
connected at one end to said boom and pivotally
connected at its opposed end to said second end of
said telescoping cylinder,

whereby the telescoping of said cylinder causes said
clevis coupling to rotate about its pivotal connec-
tion to said boom and to urge said boom upwardly,
the pivot end of said boom moves horizontally
toward said support arm, said support arm exten-
sion rotates to cause said link to extend the boom
load end, and said workpiece arm liits the work-

piece upwardly in an arc away from the lift.
| | * % % % X
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